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(57) ABSTRACT 

The present disclosure relates to a differential signaling cir 
cuit including differential signaling circuitry having at least 
one output and one input, that can operate in multiple mode of 
operations while using a single, low Voltage Supply source. 
Two or more Switches are included and configured to selec 
tively couple a supply voltage to the output dependent on a 
mode of operation of the differential signaling circuitry. The 
circuit also includes a Switch control biasing circuit opera 
tively coupled to at least one of the switches and to the output 
of the differential signaling circuitry. The switch control bias 
ing circuit provides a Switch control biasing Voltage to control 
a state of the switch based on a voltage level of the output. 
Further, a bulk biasing circuit is included and operatively 
coupled to the switch. The bulk biasing circuit selectively 
provides a bulk biasing voltage to the switch based on the 
voltage level of the output. 
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APPARATUS AND METHODS FOR 
SELF-BASING OFFERENTIAL SIGNALNG 
CIRCUITRY HAVING MULTIMODE OUTPUT 
CONFIGURATIONS FOR LOW VOLTAGE 

APPLICATIONS 

RELATED CO-PENDINGAPPLICATION 

This application is a continuation of U.S. application Ser. 
No. 1 1/160,243, filed Jun. 15, 2005, now U.S. Pat. No. 7,253, 
663 entitled APPARATUS AND METHODS FOR SELF 
BIASING DIFFERENTIAL SIGNALING CIRCUITRY 
HAVING MULTIMODE OUTPUT CONFIGURATIONS 
FOR LOW VOLTAGE APPLICATIONS'', having as inven 
tors Junho Cho et al., owned by instant assignee and incor 
porated in its entirety herein by reference. 

TECHNICAL FIELD 

The present application relates to apparatus and methods 
for self-biasing, multimode differential signaling circuit and, 
more particularly, providing self-biasing control of the dif 
ferential signaling circuit with biasing circuits operable in 
multiple modes of operation in low Voltage applications. 

BACKGROUND 

Differential signaling has become increasingly used for 
providing high-speed analog circuit techniques in order to 
effect higher bandwidth for digital data transfers and signal 
ing that are also simple and cost effective. The use of differ 
ential signaling has proven beneficial in a number of different 
applications, including transmitting video digital signals to 
display devices. Such as display monitors or screens. 
Among the various differential signaling technologies uti 

lized today in differential signaling, two examples include 
low voltage differential signaling (LVDS) and transition 
minimized differential signaling (TMDS). Each of these 
types of differential signaling technologies has inherent 
advantages. In order to be able to utilize the advantages inher 
ent with each type of signaling technology, it is known to 
utilize differential signaling circuits operable in two or more 
modes of operation, each mode employing a different signal 
ing technology. For example, it is known to utilize multimode 
differential output drivers operable to switch between LVDS 
and TMDS technologies. Attendant with each of these tech 
nologies, however, the output configurations and Voltage lev 
els are different. For example, LVDS may utilize a low volt 
age such as 1.8 volts, whereas TMDS typically utilizes a 
higher Voltage Supply Such as 3.3 volts. As an example of a 
multimode output driver, FIG. 1 illustrates a dual mode dif 
ferential signaling circuit 100 that is operable to provide 
either LVDS or TMDS signaling. The circuit 100 includes a 
pair of current steering transistors 102,104, which are labeled 
MN1 and MN2. These transistors respectively receive input 
signals 106, 108 labeled as ID+ and ID-. The combination of 
the current steering transistors 102, 104 and a current source 
110 effects differential signaling from a pair of outputs 112, 
114 respectively connected to the current steering transistors 
102 and 104. 
When the circuit 100 is operated in an LVDS mode, under 

the control of some mode control 116, for example, a pair of 
current sources 118, 120 are coupled to the outputs 112 and 
114, respectively, via a pair of switches 122, 124. This con 
figuration is otherwise known as a current mode configuration 
where the constant current sources 118 and 120 drive current 
at the outputs 112 and 114. It is also noted that when operating 
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2 
in an LVDS mode, a termination resistor 130 is connected 
across the output contacts 112 and 114, the termination resis 
tor 130 typically being connected across the lines connected 
to outputs 112 and 114 at a receiver (not shown). For purposes 
of illustration only, switches 126 and 128 indicate that the 
termination resistor 130 is only temporal, only being con 
nected during LVDS modes. 

For TMDS mode operation, an open drain configuration is 
effected to perform this type of signaling. Accordingly, a 
control, such as mode control 116, is utilized to open the 
switches 122 and 124, thereby ensuring that an internal pull 
up structure to internal voltage source VDD is not coupled to 
the outputs 112 and 114. Moreover, a higher voltage, which is 
typical for TMDS, is connected to the outputs 112 and 114. 
This is illustrated in FIG. 1 as an additional voltage source 
132, which may be 3.3 volts for this example. The voltage 
source 132 is connected to the outputs 112 and 114 via pull-up 
resistors 134 and 136 at a receiver (not shown). Also, for 
illustration purposes only, the Voltage source 132 and pull-up 
resistors 134 and 136 are connected to the outputs 112 and 
114 by switches 138 and 140 to indicate that the connections 
are temporal only during TMDS mode 

If the circuit of FIG. 1 is implemented within an integrated 
circuit, such as in ASICs including telecommunication chips, 
field programmable gate arrays, and other devices having 
differential output drivers, it is desirable in some applications 
to employ a lower Voltage for the internal Voltage source 
VDD. For example, a voltage level of 1.8 volts is typical for 
some integrated circuits. With a dual mode differential output 
driver such as the circuit of FIG. 1, when particular types of 
switching devices are utilized for switches 122 and 124 with 
a low voltage supply for VDD, certain modes of operation 
become problematic. For example, if NMOS transistors are 
utilized for switches 122 and 124 with a 1.8 voltage supply for 
VDD, operation of the circuit 100 in LVDS mode becomes 
inoperable. Specifically, the switches 122 and 124 turn off, 
thus the current sources 118 and 120, which are required for 
operation in LVDS mode, are not connected to the outputs 
112 and 114. This is caused by a low voltage occurring 
between the gate and source of the NMOS devices resulting in 
no current flow from the current sources 118 and 120 to the 
outputs 112 and 114 and, thus, the termination resistor 130. 
Accordingly, no output Voltage Swing results and proper sig 
naling does not occur. 

In another example, if a PMOS transistor is utilized for 
switches 122 and 124 with a low voltage supply VDD of 1.8 
volts during a TMDS mode, the circuit becomes inoperable 
for this type of signaling. Specifically, a reverse leakage cur 
rent occurs from the external higher Voltage source 132 (i.e., 
3.3 volts) to the internal VDD supply of 1.8 volts because the 
switches 122 and 124, which are PMOS devices in this 
example, turn on due to a forward biasing of the diodes of the 
PMOS devices. Moreover, a current path arises from the 
drains of these PMOS devices to their substrate or bulk, which 
results in high leakage current and undesirable heating of the 
chip in which the circuit is located. 

Accordingly, in conventional circuits such as the circuit of 
FIG. 1, a solution to the above problems has been to utilize an 
additional high Voltage Supply within the chip in order to 
implement TMDS (with a PMOS device as the switch), 
resulting in design restrictions and/or higher chip cost 
because of an additional Voltage Supply. An alternative con 
ventional solution also has included using an on-chip Voltage 
regulator to generate the necessary high Voltage from the low 
Voltage source. This generated high Voltage then is used to 
bias switches 122 and 124, when implemented with PMOS 
devices, during the TMDS mode of circuit 100. Again, how 
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ever, this solution utilizes more chip area within the integrated 
circuit and increases power consumption due to the use of an 
on-chip Voltage regulator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an example of a conventional dual mode 
differential signaling circuit. 

FIG. 2 illustrates an example of a multimode differential 
signaling circuit in accordance with the present disclosure. 

FIG. 3 illustrates an exemplary implementation of the cir 
cuit illustrated in FIG. 2. 

FIG. 4 illustrates an exemplary flow diagram of a method in 
accordance with the present disclosure. 

DETAILED DESCRIPTION OF THE PRESENT 
EXAMPLES 

The present disclosure relates to a differential signaling 
circuit including differential signaling circuitry having at 
least one output and one input. A plurality of Switches is 
included and configured to selectively couple a Supply Volt 
age to the output dependent on a mode of operation of the 
differential signaling circuitry. The circuit also includes a 
Switch control biasing circuit operatively coupled to a Switch 
of the plurality of switches and to the output of the differential 
signaling circuitry. The Switch control biasing circuit is con 
figured to provide a Switch control biasing Voltage to control 
a state of the switch based on a voltage level of the at least one 
output. Further, a bulk biasing circuit is included and opera 
tively coupled to the switch. The bulk biasing circuit is con 
figured to selectively provide a bulk biasing Voltage to the 
switch based on the voltage level of the at least one output. 
By including a Switch control biasing circuit and a bulk 

biasing circuit, whose output biasing Voltages are dependent 
on the Voltage of the output of a differential signaling circuit, 
a low voltage source for the internal supply voltage VDD may 
be utilized with a differential signaling circuit without the 
need for an additional higher Voltage Supply or a Voltage 
converter. Furthermore, the disclosed apparatus and methods 
achieve an output driver for differential signaling that is oper 
able in different modes (e.g., LVDS and TMDS) with a single 
low power supply where proper switching is effected between 
current mode configurations and open drain configurations, 
for example, while a leakage current path is prevented when 
the voltage level of the output of the differential signaling 
circuit is higher than the internal Voltage Supply. 

Additionally, a method for controlling a multimode differ 
ential signaling circuit with a Switch that selectively couples 
a Supply Voltage to an output of the differential signaling 
circuit is disclosed. The method includes providing a Switch 
ing biasing Voltage to the Switch, a level of the Switching 
biasing Voltage being dependent on a Voltage level the output 
of the multimode differential signaling circuit. Additionally, a 
bulk biasing voltage is supplied to a bulk of the switch, a level 
of the bulk biasing Voltage being dependent on the value of 
the output of the multimode differential signaling circuit. 

Furthermore, the present application discloses a multi 
mode differential signaling circuit that includes a Switching 
circuit. The Switching circuit includes a first terminal opera 
tively coupled to a Voltage Supply and a second terminal 
coupled to an output terminal of the differential signaling 
circuit. Additionally, the Switching circuit includes a control 
terminal operatively coupled to a control biasing Voltage to 
selectively control electrical conduction from the first termi 
nal to the second terminal, wherein the control biasing Volt 
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4 
age is generated by a Switch control biasing circuit configured 
to set the control biasing Voltage dependent on the Voltage 
level of the second terminal. 

FIG. 2 illustrates an example of a differential signaling 
circuit according to the present disclosure. The circuit 200 
includes differential signaling circuitry 202 including current 
steering transistors 204 and 206 respectively connected to 
input signals ID+ and ID-. The transistors 204 and 206 are 
coupled to a current steering source 208 and also to a pair of 
output terminals 208 and 210 labeled as OUTN and OUTP. 
The circuit 200 also includes a pair of switches 212 and 214 
having terminals connected to the outputs 208 and 210 of the 
differential signaling circuitry 202. The switches 212 and 214 
selectively couple a supply voltage 216, labeled as VDD, to 
the outputs 208 and 210 via respective current sources 218 
and 220. It is noted that these switches 212 and 214 corre 
spond to switches 122 and 124 illustrated in the conventional 
circuit of FIG. 1. 

Associated with each of the switches 212 and 214 is a 
respective switch control biasing circuit 222, 224. These cir 
cuits 222, 224 are coupled to the switches 212 and 214, 
respectively, in order to provide a Switch control biasing 
voltage. This voltage effects control of the state of the 
switches 212, 214; that is, the switch control biasing voltage 
turns the Switches 212, 214 on or off. The Switch control 
biasing circuits 222, 224 are also operatively coupled to the 
output terminals 208 and 210 and set the switch control bias 
ing Voltage based on the Voltage level present at the outputs 
208 or 210. In particular, during a LVDS mode of the circuit, 
the switch control biasing circuits 222 and 224 provide a 
voltage of a particular level to turn on the switches 212 and 
214, respectively, in order to connect the voltage supply 216 
and the current sources 218 and 220 to the outputs 208 and 
210. Conversely, when the circuit 200 operates in a TMDS 
mode, the levels of the outputs 208 and 210 are changed due 
to connection of an external high Voltage Supply (not shown, 
but equivalent to the supply voltage 132 of FIG. 1). The 
Switch control biasing circuits 222 and 224 are configured to 
accordingly provide a Switch control biasing Voltage that 
ensures the switches 212 and 214 are turned off, thereby 
effecting TMDS operation. 
The signaling circuit 200 also includes at least two bulk 

biasing circuits 226 and 228 associated with switches 212 and 
214, respectively. In particular, the bulk biasing circuits 226 
and 228 are operatively coupled to the switches 212, 214 and 
selectively provide a bulk biasing voltage to the switches 212, 
214 based on the voltage level of the outputs 208, 210. In 
particular, the Switches 212 and 214 are implemented using 
MOS transistors having a substrate or bulk and the bulk 
biasing circuits 226 and 228 are operative to provide a bulk 
biasing voltage to the bulks of switches 212 and 214 at a level 
commensurate with the output Voltages on outputs 208 and 
210 to prevent leakage current. In TMDS operation, for 
example, because the Switch control biasing circuits 222, 224 
provide control to turn off the switches 212, 214, a bulk 
biasing Voltage ensures that leakage current does not occur 
from the output terminals 208 and 210 through the switches 
212 and 214 to the lower internal voltage source 216. 

In light of the above description, the circuit of FIG. 2 
affords a differential signaling output driver that is universal 
for multiple modes of operation, such as LVDS and TMDS. 
By providing circuitry, such as Switch control biasing circuit 
222 and bulk biasing circuit 226, that derive a voltage level 
automatically tracking the output level at outputs 208 and 
210, this universal functionality is effected. Furthermore, the 
circuit of FIG. 2 implements a universal differential output 
driver using a single, low power Supply where the Switches 
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212 and 214 may be turned off or on, dependent on the mode 
of operation, while also preventing leakage current when the 
voltage level of the outputs 208 and 210 are higher than the 
internal Voltage Supply 216. 

FIG. 3 illustrates a circuit diagram of a specific implemen 
tation of the circuit of FIG. 2. It is noted that the same 
reference numbers are used in FIG. 3 to denote equivalent 
elements in this circuit to those in FIG. 2. As illustrated, the 
switches 212 and 214 are implemented as PMOS switches 
and are also labeled MP3 and MP4. Switching of these 
switches, 212, 214 is controlled by the switch control biasing 
circuits 222 and 224, respectively. In particular, the circuits 
222 and 224 respectively output a control biasing voltage 302 
and 304 to gates 306 and 308 of switches 212 and 214. 
Additionally, each of the switches 212 and 214 include a 
respective substrate or bulk terminal 310 and 312 connected 
to the bulk biasing circuits 226 and 228, respectively. Each of 
the bulk biasing circuits 226, 228 delivers the bulk biasing 
voltage to the bulk terminals of switches 212 and 214 in order 
to prevent leakage current path when the outputs 208 and 210 
are greater than the internal voltage 216, such as in TMDS 
mode. 

Within each of the switch control biasing circuits 222 and 
224 is a respective switch 314 and 316. In the example of FIG. 
3, each of these switches 314 and 316 is labeled MP1 and 
MP2 and are illustrated as PMOS type switches. The gates 
318,320 of these switches 314 and 316 are connected to the 
internal voltage source 216. Another terminal of both 
switches 314 and 316 are connected to respective output 
terminals 208 and 210. Another terminal 322,324 of switches 
314 and 316 is connected to a node 326,328 (labeled X and X" 
for circuits 222 and 224, respectively). These nodes 326,328 
are connected to the gate terminals 306 and 308 of switches 
212 and 214, respectively. Additionally, these nodes 326,328 
are respectively connected to voltage divides 330 and 332 
discussed below. 
As illustrated, each of the Switch control biasing circuits 

222 and 224 include a respective voltage divider 330 and 332 
used to produce a voltage at nodes 326 and 328 that is pro 
portional, but lower than the outputs 208 and 210. FIG. 3 
illustrates that the voltage dividers 330 and 332 are con 
structed with a chain of diodes connected between the outputs 
208 and 210 and a common Voltage. Such as ground. As will 
be recognized by those skilled in the art, however, any number 
of various types of devices may be utilized for performing 
voltage division. Additionally, the voltage dividers 330, 332 
include taps 334, 336 interposed in the diode chain to derive 
a particular desired voltage level for the nodes 326 and 328. 

In operation, the voltage divider circuit 330 works in con 
junction with the switch 314, 316 to control the operation of 
the switches 314, 316 dependent on the voltage level of the 
output terminals 208 and 210. For example, if the voltages of 
the output terminals 208, 210 are lower than the internal 
voltage VDD (216), the voltages at taps 334,336 are propor 
tional, yet lower than the voltage at output terminals 208,210. 
Accordingly, because the voltage at nodes 326,328 are lower 
than the internal voltage supply 216, the switches 314 and 316 
are turned off, thereby isolating the nodes 326, 328 from the 
outputs 208 and 210. Moreover, because the voltage divider 
circuits 330 and 332 cause a voltage drop between the output 
terminals 208,210 and the taps 334, 336 the reduced voltage 
present at nodes 326, 328 reduce the control signal voltage 
levels 302 and 304 Such that PMOS switches 212 and 214 turn 
on. When the switches 212, 214 are turned on, the current 
supplies 218, 220 are then connected to the output terminals 
208, 210 for a current node configuration, such as in LVDS 
operation. 
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6 
In an alternative example, if the voltage of the outputs 208, 

210 are much higher than the internal voltage 216, such as 
during a TMDS mode where 3.3 volt sources are connected 
by pull up resistors to the output terminals 208,210 (see FIG. 
1 as an example). In this case, because the Voltages of the 
outputs 208, 210 are much higher than the internal voltage 
216, the switches 314 and 316 will turn on. Accordingly, the 
voltages at terminals 326 and 328 become similar to the 
output voltages 208, 210 as the switches 314, 316 are typi 
cally selected to have a very small turn-on resistance and, 
thus, the Voltages will be essentially the same. In turn, 
because the voltages 326 and 328 are high like the output 
terminals, 208, 210, the Switches 212 and 214 are turned off, 
thereby ensuring that an open-drain configuration is effected 
for Switches 212 and 214. 

Based on the foregoing discussion, the Switch control bias 
ing circuits 222, 224 are operable to provide an appropriate 
switch control biasing voltage, 302,304 for various modes of 
operation, namely LVDS and TMDS modes. In LVDS mode, 
the output terminals 208, 210 typically have a voltage range 
between 0.8 volts and 1.7 volts, which is lower than the 
typical VDD voltage of 1.8 volts. Accordingly, as explained 
above, the switches 314 and 316 are turned offat these voltage 
levels and switches 212 and 214 are turned on, in turn. Alter 
natively, in TMDS mode the output voltage levels of outputs 
208 and 210 typically have voltages between 2.7 volts and 3.3 
Volts, which are much higher than the typical internal source 
voltage VDD of 1.8 volts. Accordingly, as explained above, 
the switches 314 and 316 are turned on and switches 212 and 
214 are, in turn, turned off. 

Circuit 300 of FIG. 3 also includes, as mentioned previ 
ously, at least one bulk biasing circuit. As shown, the circuit in 
FIG. 3 includes two bulk biasing circuits 228 and 226 that 
serve to bias the substrate or bulks of switches 212 and 214, 
respectively. Each of the bulk biasing circuits 226, 228 
include a series connected pair of switches, which are labeled 
MN3 and MP5 for circuit 226 and MN4 and MP6 for circuit 
228. These switches are respectively labeled also with refer 
ence numbers 338,340, 342, and 344. As illustrated, each of 
the Switches 338, 342 have drain terminals connected to the 
internal Voltage source 216. Additionally, each series con 
nected pair includes an NMOS transistor (i.e., 338 and 342) 
and a PMOS transistor (i.e., 340 and 344). Junction nodes 346 
and 348 of these respective pairs of transistors are respec 
tively connected to the bulk terminals 310 and 312 of switches 
212 and 214 for the purpose of providing a bulk biasing 
Voltage to prevent leakage currents, particularly when the 
circuit 300 is in TMDS mode. 

In operation, the switches 338 and 342 (MN3 and MN4) 
are always turned off, regardless of whether the circuit 300 is 
operated in LVDS or TMDS modes, for example. During 
LVDS mode, in particular, the switches 340 and 344 are 
turned off. Assuming an LVDS operation where the common 
level output on outputs 208 and 210 is approximately 1.2 
volts, the switches 338,340,342,344 are all turned off and the 
voltage present at nodes 346 and 348 (Y and Y") would be 
approximately 1.6 to 1.7 volts assuming a VDD equal to 1.8 
volts. In TMDS mode, however, the Switches 340 and 344 are 
turned on due to a voltage present at the outputs 208 and 210 
being greater than the internal Voltage Supply Voltage 216. 
Thus, assuming a typical TMDS output voltage of 3.3 volts of 
input or a common Voltage of approximately 3 volts, the 
voltage level present at nodes 346 and 348 will be approxi 
mately equal to the voltage at the output terminals 208 and 
210. In other words, the voltage level present at the output 
terminals 208 and 210 is effectively coupled to the bulk 
terminals of switches 212 and 214. Accordingly, a sufficient 
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voltage is provided to the bulk terminals 310 and 312 of 
switches 212 and 214 to prevent leakage current through the 
substrate or bulk of these switches flowing from the output 
terminals 208 and 210 to the internal voltage 216. 
Of further note, the switches 314 and 316 also include a 

bulk terminal connection 350, 352 to the source terminals of 
these Switches, in particular, in order to prevent leakage cur 
rent from output terminals 208 and 210 to the internal voltage 
216 during the TMDS mode. Moreover, in the example of 
FIG. 3, switches 340 and 344 also have a bulk terminal con 
nected to the nodes 346 and 348, respectively, in order to 
ensure no leakage current occurs in these Switching devices. 

FIG. 4 illustrates an example of a method for controlling 
the multi mode differential signaling circuit, such as the cir 
cuits of FIGS. 1 and 2, with a control bias switch that is 
dependent of the voltage level of the output of the differential 
signaling circuit. As illustrated, a flow diagram 400 begins at 
a start block 402. After initialization, flow proceeds to block 
404 where a bias voltage is provided to a switch in a multi 
mode differential output circuit. This is performed, for 
example, by the switch control biasing circuits 222, 224 when 
providing the Switch control biasing Voltage to Switches 212 
and 214. Additionally, at block 404, the level of the Voltage is 
set dependent on the voltage level of the output of the differ 
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ential signaling circuit. This is, as described previously, based 25 
on circuitry that, for example, provides a Switch control Volt 
age of sufficient level to turn off the switches 212 or 214 
during a TMDS mode and deliver a voltage of sufficient level 
to ensure that the switches 212 and 214 turn on during an 
LVDS mode. 

Simultaneous with block 404, flow also proceeds from 
block 402 to block 406 where a bulk biasing voltage is sup 
plied to a bulk of the switches dependent on a value of the 
output of the differential signaling circuit. Again, as described 
previously, the bulk biasing circuits 226 and 228 provide an 
example of this functionality where, dependent on the Voltage 
atterminals 208 or 210, the switches 340 or 344 are turned on 
or off in order to selectively apply a bulk biasing Voltage 
Sufficient to ensure no leakage in Switches in 212 and 214. In 
particular, during TMDS mode the switches 340 and 344 are 
turned on in order to ensure that switches 212 and 214, which 
are turned off during this mode, are bias to prevent leakage 
current through the bulk of these devices. Flow then proceeds 
from both blocks 404 and 406 to block 408 where the method 
ends. It is noted that, although the method illustrated in FIG. 
4 shows simultaneous sequential blocks 404 and 406, the 
processes indicated therein may occur simultaneously, as 
shown, or may also occur at slightly different times. 

Based on the foregoing, one of ordinary skill in the art will 
appreciated that by including a Switch control biasing circuit 
and a bulk biasing circuit whose output Voltages are automati 
cally dependent on the voltage of the output of a differential 
signaling circuit, proper operation of the multimode differen 
tial signaling circuit using only a low Voltage source for VDD 
may be realized without the need for an additional higher 
Voltage Supply. Furthermore, the above-disclosed apparatus 
and methods achieve a differential signaling circuit that is 
operable in different modes (e.g., LVDS and TMDS) with a 
single low power Supply where proper Switching is effected 
between current mode configurations and open drain configu 
rations while leakage current is prevented in the Switch, 
which selectively connects the internal Voltage to the output, 
when the voltage level of the output of the differential signal 
ing circuit is higher than the internal Voltage Supply. 
One of ordinary skill in the art will further appreciate that 

although specific PMOS and NMOS switching devices are 
disclosed in the above examples, any Suitable Switching 
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devices may be utilized to realize the disclosed apparatus and 
methods. Moreover, it is also conceivable that other suitable 
circuit configurations may be used to achieve the functional 
ities described above. 

Furthermore, the differential signaling circuits of FIGS. 2 
and 3 may also be implemented within an integrated circuit 
(not shown), Such as within ASICs including graphics pro 
cessing chips, telecommunication chips, field programmable 
gate arrays, and any other circuits or devices integrating dif 
ferential output drivers. As discussed previously, it is desir 
able in Some integrated circuit applications to employ a lower 
voltage for the internal voltage source VDD (e.g., 1.8 volts). 
Thus, the disclosed apparatus and methods, which implement 
a multimode differential signaling circuit that correctly oper 
ates at lower Voltage across multiple modes, are well Suited 
for implementation in integrated circuits. 
The above detailed description of the examples described 

herein have been presented for the purposes of illustration and 
description only and not by limitation. It is therefore contem 
plated that the present application cover any and all modifi 
cations, variations or equivalents that fall within the spirit and 
Scope of the basic underlying principles disclosed above and 
the appended claims. 
What is claimed is: 
1. A digital data transmitting device comprising: 
differential signaling circuitry having an output terminal, 

wherein the differential signaling circuit is selectively 
capable of operating in one of a first mode of operation 
and a second mode of operation, and wherein the Voltage 
at the output terminal is based on the selected mode of 
operation; 

a Switching circuit configured to selectively couple a Volt 
age Supply to the output terminal for operating the dif 
ferential signaling circuitry in the first mode of operation 
and to selectively decouple the Voltage Supply to the 
output terminal for operating the differential signaling 
circuitry in the second mode of operation; and 

a bulk biasing circuit operative to provide a bulk biasing 
Voltage to the Switching circuit based on the Voltage at 
the output terminal, wherein the bulk biasing Voltage is 
operative to retard current leakage across the Switching 
circuit during the second mode of operation. 

2. The digital data transmitting device of claim 1, wherein 
the first mode of operation is a low voltage differential sig 
naling (LVDS) mode and wherein the second mode of opera 
tion is a transmission minimized differential signaling 
(TMDS) mode. 

3. The digital data transmitting device of claim 1, wherein 
the bulk biasing circuit comprises: 

an NMOS transistor having a gate terminal, a first terminal 
and a second terminal, wherein the first terminal and the 
gate terminal are operatively coupled to the Voltage Sup 
ply; and 

a PMOS transistor having a gate terminal, a first terminal 
and a second terminal, wherein the first terminal is 
operatively coupled to the second terminal of the NMOS 
transistor, the gate terminal of the PMOS transistor is 
operatively coupled to the Voltage Supply and the second 
terminal of the PMOS transistor is operatively coupled 
to the output terminal, and wherein the voltage at the first 
terminal of the PMOS transistor represents the bulk 
biasing Voltage. 

4. The digital data transmitting device of claim 1, wherein: 
the switching circuit comprises a PMOS transistor having 

a gate terminal, a first terminal, a second terminal, and a 
bulk terminal, 
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the Voltage source is selectively coupled and decoupled to 
the output terminal based on a Voltage applied to the gate 
terminal, 

the first terminal of the PMOS transistor is operatively 
coupled to the Voltage Supply, 

the second terminal of the PMOS transistor is operatively 
coupled to the output terminal, and 

the bulk terminal of the PMOS transistor is operatively 
coupled to receive the bulk biasing Voltage. 

5. The digital data transmitting device of claim 1, wherein: 
the first mode of operation is associated with the voltage 

Supply, and 
the second mode of operation is associated with another 

Voltage Supply. 
6. The digital data transmitting device of claim 5, wherein 

the differential signaling circuitry is operatively coupled to a 
receiver circuit having another Switching circuit operative to 
selectively decouple the another Voltage Supply to the output 
terminal for operating the differential signaling circuitry in 
the first mode of operation and to selectively couple the 
another Voltage Supply to the output terminal for operating the 
differential signaling circuitry in the second mode of opera 
tion, wherein the Voltage Supply is a power Supply of the 
digital video transmitting device and wherein the another 
Voltage Supply is a power Supply of the receiver circuit. 

7. The digital data transmitting device of claim 1 further 
comprising a current source operatively coupled between the 
Voltage source and the Switching circuit. 

8. The digital data transmitting device of claim 1, wherein 
the Voltage at the output terminal represents digital video 
data. 

9. A digital data transmitting device comprising: 
differential signaling circuitry having an output terminal, 

wherein the differential signaling circuitry is selectively 
capable of operating in one of a first mode of operation 
and a second mode of operation, and wherein the Voltage 
at the output terminal is based on the selected mode of 
operation; 

an NMOS transistor having a gate terminal, a first terminal 
and a second terminal, wherein the first terminal of the 
NMOS transistor and the gate terminal of the NMOS 
transistor are operatively coupled to the Voltage Supply: 

a first PMOS transistor having a gate terminal, a first ter 
minal and a second terminal, wherein the first terminal 
of the first PMOS transistor is operatively coupled to the 
second terminal of the NMOS transistor, the gate termi 
nal of the first PMOS transistor is operatively coupled to 
the Voltage Supply and the second terminal of the first 
PMOS transistor is operatively coupled to the output 
terminal, and wherein the voltage at the first terminal of 
the first PMOS transistor represents the bulk biasing 
Voltage; 

a voltage divider operatively coupled between the output 
terminal and a ground and having a tap; 

a second PMOS transistor having a gate terminal, a first 
terminal and a second terminal, wherein the gate termi 
nal of the second PMOS transistoris operatively coupled 
to the Voltage Supply, the first terminal of the second 
PMOS transistor is operatively coupled to the output 
terminal and the second terminal of the second PMOS 
transistor is operatively coupled to the tap Such that the 
Voltage at the second terminal represents a Switch con 
trol Voltage; 

a current Source; 
a third PMOS transistor having a gate terminal, a first 

terminal, a second terminal, and a bulk terminal, 
wherein the gate terminal of the third PMOS transistoris 
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10 
operatively coupled to receive the switch control volt 
age, the first terminal of the PMOS transistor is opera 
tively coupled to the current source such that the current 
Source is operatively coupled between the Voltage Sup 
ply and the third PMOS transistor, the second terminal of 
the third PMOS transistor is operatively coupled to the 
output terminal, and the bulk terminal of the third PMOS 
transistor is operatively coupled to receive the bulk bias 
ing Voltage. 

10. The digital data transmitting device of claim 9, wherein 
the differential signaling circuitry is operatively coupled to a 
receiver circuit having another Switching circuit operatively 
coupled to the output terminal and to another Voltage Supply, 
wherein: 

the first mode of operation is associated with the voltage 
Supply, 

the second mode of operation is associated with the another 
Voltage Supply, 

the second PMOS transistor is operative, based on the 
Switch control voltage, to selectively couple the Voltage 
Supply to the output terminal for operating the differen 
tial signaling circuitry in the first mode of operation and 
is further operative to selectively decouple the voltage 
Supply to the output terminal for operating the differen 
tial signaling circuitry in the second mode of operation, 

the another Switching circuit is operative to selectively 
decouple the another Voltage Supply to the output for 
operating the differential signaling circuitry in the first 
mode of operation and is further operative to selectively 
couple the another Voltage Supply to the output terminal 
for operating the differential signaling circuitry in the 
second mode of operation, 

the first mode of operation is a low voltage differential 
signaling (LVDS) mode and wherein the second mode of 
operation is a transmission minimized differential sig 
naling (TMDS) mode, and 

the Voltage Supply is a power Supply of the digital video 
transmitting device and the another Voltage Supply is a 
power supply of the receiver circuit. 

11. The digital data transmitting device of claim 9, wherein 
the Voltage at the output terminal represents digital video 
data. 

12. A digital data transmitting device comprising: 
differential signaling circuitry having a pair of output ter 

minals, wherein the differential signaling circuitry is 
Selectively capable of operating in one of a first mode of 
operation and a second mode of operation, and wherein 
the Voltages at the pair of output terminals is based on the 
Selected mode of operation; 

a pair of Switching circuits configured to selectively couple 
a Voltage Supply to each output terminal of the pair of 
output terminals for operating the differential signaling 
circuitry in the first mode of operation and to selectively 
decouple the Voltage Supply to the output terminal for 
operating the differential signaling circuitry in the sec 
ond mode of operation; and 

a pair of Switch control circuits, wherein: 
a first switch control circuit of the pair of Switch control 

circuits is operative to generate a first Switch control 
Voltage based on the Voltage at the first output terminal 
and to provide the first switch control voltage to the first 
Switching circuit Such that the first Switching circuit is 
operative, based on the first switch control circuit, to 
Selectively couple the Voltage Supply to the first output 
terminal and to selectively decouple the Voltage Supply 
to the first output terminal, and 
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a second switch control circuit of the pair of switch control 
circuits is operative to generate a second Switch control 
Voltage based on the Voltage at the second output termi 
nal and to provide the second Switch control Voltage to 
the second Switching circuit Such that the second Switch 
ing circuit is operative, based on the second Switch con 
trol circuit, to selectively couple the Voltage Supply to 
the second output terminal and to selectively decouple 
the Voltage Supply to the second output terminal. 

13. The digital data transmitting device of claim 12, 
wherein the differential signaling circuitry comprises: 

a pair of current steering transistors; and 
and a current steering current source, wherein: 

a first current steering transistor of the pair of current 
steering transistors is operatively coupled between 
the first output terminal and the current steering 
Source, 

a second current steering transistor of the pair of current 
steering transistors is operative coupled between the 
second output terminal and the current steering 
Source, 

the current steering source is also coupled to a ground, 
the first current steering transistor is controlled by a first 

input signal, 
the second current steering transistor is controlled by a 

second input signal, and 
the first and second input signals are complementary 

signals. 
14. The digital data transmitting device of claim 12, further 

comprising a pair of bulk biasing circuits operative to provide 
a first bulk biasing Voltage to a first Switching circuit of the 
pair of switching circuits wherein the first bulk biasing volt 
age is based on the Voltage at the first output terminal of the 
pair of output terminals, and further operative to provide a 
second bulk biasing Voltage to a second Switching circuit of 
the pair of switching circuits wherein the second bulk biasing 
Voltage is based on the Voltage at the second output terminal 
of the pair of output terminals, wherein each of the first and 
second bulk biasing Voltages are operative to retard current 
leakage across each of the first and second Switching circuits, 
respectively, during the second mode of operation. 

15. A method of operating a digital data transmission 
device comprising: 
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operating differential signaling circuitry having an output 

terminal in one of a first mode of operation and a second 
mode of operation, and wherein the Voltage at the output 
terminal is based on the selected mode of operation; 

selectively coupling a Voltage Supply to the output terminal 
for operating the differential signaling circuitry in the 
first mode of operation and to selectively decouple the 
Voltage Supply to the output terminal for operating the 
differential signaling circuitry in the second mode of 
operation; and 

providing a bulk biasing Voltage to the Switching circuit 
based on the voltage at the output terminal, wherein the 
bulk biasing Voltage is operative to retard current leak 
age across the Switching circuit during the second mode 
of operation. 

16. The method of claim 15, further comprising transmit 
ting the Voltage at the output terminal as digital data wherein 
said digital data comprises video data. 

17. The method of claim 15, wherein the first mode of 
operation is a low voltage differential signaling (LVDS) mode 
and wherein the second mode of operation is a transmission 
minimized differential signaling (TMDS) mode. 

18. The method of claim 15, further comprising providing 
a Switch control Voltage based on the Voltage at the output 
terminal Such that the selective coupling of the Voltage Supply 
to the output terminal for operating the differential signaling 
circuitry in the first mode of operation and such that the 
selective decoupling of the Voltage Supply to the output ter 
minal for operating the differential signaling circuitry in the 
second mode of operation is based on the Switch control 
Voltage. 

19. The method of claim 18, wherein the Switch control 
Voltage represents: 

a divided voltage of the voltage at the output terminal 
during the first mode of operation, and 

a Voltage commensurate with the Voltage at the output 
terminal during the second mode of operation. 

20. The method of claim 15, wherein the bulk biasing 
Voltage represents a Voltage commensurate with the Voltage 
at the output terminal during the second mode of operation. 


